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ABSTRACT

Freeze-drying survival of probiotic bacteria including Lactobacillus acidophilus
TISTR 1034, Lactobacillus plantarum TISTR 875, Bifidobacterium bifidum DSM 20456 and
Bifidobacterium longum DSM 20215 were determined Lactobacillus plantarum TISTR 875
showed the lowest cell reduction of 0.18 log CFU/ml after freeze-drying at freezing temperature
of -196°C. The factors affecting growth and survival of probiotics after freeze-drying, including
carbon sources, addition of crude fiber and growth condition (pH and temperature) were studied.
Addition of 2 % water extract from soybean as a carbon source for probiotic growth showed the
lowest cell reduction of Lactobacillus plantarum TISTR 875 (0.11 log CFU/ml) after freeze-
drying. When 2 % of mungbean crude fiber was added in the cultivation medium contained water
extract from soybean as a carbon source, Lactobacillus plantarum TISTR 875 showed greater
survival compared to control (without crude fiber) and those grown in the presence of soybean
crude fiber, corn crude fiber and exopolysaccharides (EPSs).

Lactobacillus plantarum TISTR 875 cultivated at pH 6.5 and temperature of
37°C exhibited the most resistant to freeze-drying. Survival of Lactobacillus plantarum TISTR
875 harvested at late log phase, mid stationary phase and late stationary phase were not
significantly difference (p>0.05). Sucrose and corn extract were the best cryoprotectant compared
to skim milk, fructo-oligosaccharide (FOS), EPSs, soybean extract,vmungbean extract, soybean
fiber, corn fiber and mungbean fiber. Freeze-dried Lactobacillus plantarum TISTR 875, grown
under optimal condition, including addition of 2 % water extract from soybean and 2 %
mungbean crude fiber in the growth medium under pH 6.5 and temperature of 37°C with corn
extract as a cryoprotectant (symbiotic product) showed higher survival in acidic condition (pH
2.0) than the control cells (grown in MRS broth without soybean extract and mungbean crude

fiber). Freeze-dried Lactobacillus plantarum TISTR 875 stored in vacuum aluminium foil bag

()



showed higher survival than glass bottle with N, at 5°C for 8 weeks. Milk and Orange juice
pasteurize with freeze-dried Lactobacillus plantarum TISTR 875 showed number of cell after 6

weeks 6.87 and 6.88 log CFU/ml.
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Table 1. Lactic acid bacteria used as commercial probiotics.

Lactobacilli Bifidobacteria Streptococci Enterococci
Lactobacillus delbrueckii Bifidobacterium Streptococcus Enterococcus
subsp bugaricus bifidum thermophilus faecalis
Lactobacillus acidophilus Bifidobacterium Enterococcus

longum faecium
Lactobacillus rhamnosus Bifidobacterium

breve
Lactobacillus reuteri Bifidobacterium

infleantis

Lactobacillus casei

W7 : Fooks agam (1999)
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Staphylococcus aureus, Listeria innoca, Pseudomonas fragi W& Lactobacillus bulgaricus WOANIT

a a

v
1 1 T o A a a I a A a
1/1@1aaqwmmau“lwmaummmnmm Tmmgmﬂmiﬂaumﬂmai"lﬁ' 1 ¥UA MLﬁEJ\TUN“]ﬂ!ﬂ

5] 9

v
a =

J 2}’ Aov o S a A S ¥ 1 a = Y o dy
miuRdudIn s yvesuaiiseduanmes 1aN1nna1 1 ¥ia 39 1dRin1snaaeuse
o & ' o I a
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Lactococcus lactis ssp. lactis wa@"lm@ﬂaz 9laeLun mf)ii’ﬁ)qm‘ﬂWaﬁulﬂiwgﬂﬂﬂﬂx‘lﬂi]ﬂiﬁu
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Y 9 v
mangauiutiUs oS uduved Lactobacillus acidophilus 374U 1.18 X 100 CFU/N3Y
Y 1
SIS UAY Lactobacillus casei 311 1.95 X 10° CFU/MSY uay Bifidobacterium
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A 1 o [ = I Y a a . 1
wﬂungawau 1B W?Jllﬂ’ﬂ‘i’iiuu nyzNeN 1WA (Bxcommerce, 2001) ouyYau (Inulin) 1y
(] o < 1 1 1 o 1 a P [ l o T Aa Aa
gnoeslud ldian uauediugndeslud 1dIng) Tasgaunsdnerdoodlud 1d1vg suyau
a 4 g’ gJ
(Inulin) uaz WinlaTled Inuwan1lse (Fructo-oligosacchride) aza1e1i1da laomwiz luai

Fou (Tanya, 2002) qmwgﬁﬂizmm 80 DIA YT S (Kim and Wang, 2002) usazae ldiea
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<] Y g’ < 4 = o = 9 = 1

anteslutingu uazueaneoa (Paul, 1997) Hazlinuaaage lkad1uReResz U
v W a <} o 1% 1

Uszamdudd seananuwantios 1adimsi Il lunsgaamnssuemsludnyuzaies

Y Y
(Vicki, 2002) 13w 11 1155 lusamanaziiioduda sresnuanuaauazanuiuludn

v A A

1 Y A A 9 vAa A Y A .
¥g1inT0aNaTMeNUA VAN ANTAFINTIN (Functional property)
= a J . .
2.2.1.3 weaiuledlnuvanilsa (Soybean oligosaccharide, SOS)
IS a s ll ) & g 1
WuTedTnuwam lsantieglunnraesdaiungu usvil Tua vaz aandlod

1 l o o <] a
(Gibson, 2004) enusanuaemsses Iagieulailunszmizevisuazdrldan uazihanis

= 1

% a A d o Y ] Y a a a 4
niinTagyaunidludr1dIva arwrsonszdumsniaaulaves 3aunidngu
: % a o
Bifidobacteria 1@ %4 Hayakawa ttazaa (1990) lddnuinmisninwesiiuled Inusanilsq

1 =

(Soybean oligosaccharides) Iﬂméﬁaﬁuw?ﬂuéﬂﬁw@ wu*jmauw?éﬂqn Bifidobacteria
mm?mugﬁwﬁu
222 wiluTedniildninmsdunszs
2.2.2.1 !!aﬂiﬂ“ﬂﬂiﬁ (Lactosucrose, LS)
uanlaglase maauInmMITauiuvestan nauazylase Taoldoulad
B-fructofuronosidase  tazfinaianiia liaSumsinsayvesgdunidngu Bifidobacteria 4
Ohkusa ttazAne (1995) Iddnymaveuanlaylasaluermaing 3 aulaeld LS USum 3

a

[ D% 1 A ad . . 1 a a
NTUADTU WUNAWITIRNTIUIUYAUNTINGW Bifidobacteria 14 0.7 111 nazaalFumgau
4 J ' J o qu ] a
N3ONQU Bacteriodes 19 0.6 1911 udNINTNTA U Ud18dY (short chain fatty acid) 15U 2%
@ wag Dunose GaliUsunannnay
2.2.2.2 wannlaa (Lactulose)
Y
uaaylaa  waanmihaauanlealilaseadweglugy) Gal B1-4 Fru
wa J y3 9 ' 2 s X '
auauiaazateluii azaneluwmuea laanios uaz luazareTudmes daaayTad 9z

v =

o 9y a3 1 a o A A o 9 ] = Yo a

gnovgaduludrIddnuaszinanmsninlasunaiGelud1dIve  vaslinaldsmaugdu
=4 o a' ) 9 Q' 42’ = 1 a

ndlsehnulud 1WAy Terada wazame (1993) Anywavoany ladaonsnsyUes

o ' [ T W % I o '

uuafiseTud 18 lun Taelduany Tad 3 nsuaotu Tueraadng 8 au Wunar 14 Su wuh

' Y ]
SunuaAfiiengu Bifidobacteria MNAY tazuuARizeNne 15A 15U Clostridia, Bacteriodes
. dy Y= Y

118 Streptococci AAAY UONINT Ballongue ttazAmE (1997) ladnyiIasmsvuaay Tae 10

o T W @ < o 4 ' a A A ' e

nfuaeTuluormaing 2 awilunar 4 dlani wudlsuaveuuaniFengy Lactobacilli

4 2
INWUIU
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2.2.2.3 lelwuealnledlnuannlsa (Isomalto-oligosaccharide, IMO)
lolawoalalealuraalsd  gaudsuinonudlalaemsldiowlad
vaduzgniesioeu lailud 1didn fe'lo Tvuealad (Kolida ef al., 2000) Olano-Martin
HazAYE (2000) 1AANMINAYDY IMO G]'E]miLi]?illﬁlﬂxﬂ%ﬁliﬂivlﬂIﬁlaﬂiuﬁﬂé’jiﬂﬂﬁWmiﬁﬂkﬂ
Tudane 6 audiiguamudasalasld MO USina 20 n¥ude Sunuensamus o

a

S J 1 . . = =2 % a J v
98UN3TINqY Bifidobacteria ¥991nn15ANEINITHIN To Twsuoalalod Inusanilsany
nuARGanAINUNAINTaNAATINoITE 18
a d
2.2.2.4 nglnledlnuwam’lsa (Gluco-oligosaccharides, GOS)

9 [y}

[ a o oy Y
Wuledlnuaamlsanlszneudinirarang Inauaenudeiuse B,1-6
. g . [ Iy 4 A A a a
glucosidic linkages AT 1z¥iaeen lad glucosyl-transferase wwaﬂiﬂaﬂqaum 8 Leuconostoc
o [ [
mesenteroides ¥39919@0AY11N P-glucan AU Tonaz lainseousuIuilu functional
o a d . . ' o : J
food uaz GOS gnii1 114 Taegaun3dngu Bifidobacteria lavdedumiz aamsli Gos un
2
WA OIA3 UMV YVON Bifidobaterium  breve wazaam3iwilouvod Salmonella 14
(Ashara et al., 2001)
d
2.2.2.5 laTaledlnusanlsa (Xylo-oligosaccharides)
a J A y @ Y g’
leTaTodlnuwnnlss TlnssadrananisznoudloTuanavesiitaia

o =

A [ @ a J a 4 J

lyTaaaonudlrewuse p,1-4 lolalod Inuxanilsaszgnirllldlaggaunidngu
Y 1 o £ 1 Y a aAd A d?
Bifidobacteria 112 lactobacilli 1A08193 W12 Gmﬁwaslmaumﬂﬂqn Bifidobacteria (WU
a Jd 1 1 a J

HAZYAUNTINGY Bacteroides anad launniinsldvgalalod Inuaan1lsa (Gibson and
Angus, 2000; Gibson, 2004)

2.2.3 wilulednoinSeyiy

@ { a 1 o [
fyiriansoasTawumsns luledan laun 917 02 uazd1n Tna fudu lu

v 9
(% o

a ) a A =\ A A = 4 [
aaiuilenimus Inaiosanlaiserisge HusmaTdsau ars Tlulamsalussaugs
WAty 9 InaiiSinand o laasagelssuna 72 Wesidud uatiTdsAulszunm 9
nlesidud Faoadlsznevvesnis Tulaasalud wuduwaes Uszneudlslod Inusan lsd

1 9 Y [

FuiluTwausanis lsdenoduq Uszneudioriaaluanaded 3-10 Tuana wru W Tua
= va A ' ' Yy 2’ U ! ' Y

Tasligaauiiamwizae luawisogndesldaroideslunszinzeins uavzgndoodais'd

Tasuuafiseludr1d Taesa ludalidmlsenevvesasemsidina Taun Tdsaudszana

20-30 1osiGua uazms 1u'laasa Uszana 50 — 60 wesisud snudumdesdeasiilysau

' " @ o Y =
qanms Tulamse a5 10 lawsaluniilszneude raffinose, stacyose 11az verbacose iy
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=

9 v v
a3 luTewmsaniidminTuanad Taenis lu'lawsa luisasznanisaeglunguivi Tua

(Martinez-Villaluenga et al., 2005)
3. 1dule®11i135 (Dietary Fiber)

9 [ ' Y I ' Y '
iduleormisannsodantialaiu 3 nqu dsdnlu Table 2. Tasnquusn
a A S L A 1 ) 4 A oA 1 =KX 9
ps1eluseveIngnumans danaesaiullszneulumivsaduesne ngquiaeinalndiim
1 J I 1 1 1
1ndl nanIuduleensnae NYUUD non-starch polysaccharides muﬂquq@ﬁ'wmamquﬁa
v s qg.: a A { 1 1 a %
nauved Induzant lsananuauazaniuinuasvuiunsdos Tun1uaue 1M1 ¥9910
9 9 =) ' . . . . & va J ~
ANUURUYUNAUATOUAYUDINYUUDI non-digestible oligosaccharides muﬂmﬁnumﬂuwﬂu
Y =)

Toan Tagiavatewilanlmduleldun Syivyianien uazsid1 seeglddSuandule

I NUANATU Ideuuawiiauo 3y aataadly Table 3.

Table 2. Different definitions of dietary fiber

Authors Polymers included in the definition

Trowell, 1972 Cellulose, lignin, hemicellulose, peptins (skeletal remains of
plants cells)

Trowell, 1974 Cell wall polysaccharides + lignin + unavailable associated

Trowell et al, 1976 substances (cutin, suberin and phytic acid)
Unavailable storage polysaccharides + cell wall polysaccharides
+ lignin

Southgate et al, 1981 Non-starch polysaccharides + lignin

Cummings and Englyst, 1987  Non-starch polysaccharides

11 : Aalag91n Guillon LazAME (2000)
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Table 3. Comparison of total dietary fiber content in cereal grains

Cereals Total dietary fibre (%, db)
Legumes 13.6-28.9
Rye 15.5
corn 15
Triticale 14.5
Oat 14
wheat 12
Sorghum 10.7
Barley 10
Finger millet 6.2-7.2
Rice 1.9+2

nn Charalampopoulod LiagAe (2000)

Yo

d 3 o v i
3.1 Usglemivesdulaerinsidrnawenad lnasil

Y v

@ulaormsnumsdudaslualdlvia

[ o 9

A A o Y v Y a
fﬁ‘l{iﬁ‘]_lN‘Vlll‘ﬂiyﬁuiﬂ\‘]i8‘]J°J_I5U°1Jﬂ"lfJﬁﬁJTiﬂ!Lﬂllsll"lﬂﬂ’JfJﬂ"Ii‘]JiIﬂﬂ@"l‘Viﬁ

e

9 9 [

Y o a A g’ Il 3/ ' 9y o 9 =
Usziamdule nudnloviafazareimaz hiazarei 1w idulevinsidnaanas
£ Y AN O Y oy~ ' A 1
wag Taaduihudulon liazaoiuaamwnsaduir1aa Gwademamiuuiavesgense 5o
o Y 1 ] A @ ya A Y v A a J
mldganszeewiuuazinaoud 1451 asszezna lumsiuae idulennsyiveziinase
v Y
msuuiaganse lamnnindulennna bl dauwdulodsznnazaiein wu unaduag il
1 v I a A o Y
HaRDMITUD BN 1ZYNE0s Tasgaun3 o lud 1d
Y U <
dulaoninsnulsanzisa
= A o a A 9 4 A @ a
msfnuReInuMsUs Inaeishiiidulenazesdilszneudu q numsiia

v
aQAaA 1

3 o = . 1 a
3J3LiQalua']llf?{‘ll’f)\‘lﬁﬁﬁﬂﬂ’fﬂﬂﬁﬂﬂ'n 60 1) vo9 Willette tlagne (1990) WuMN mimiﬂmﬁu%

91 @ ~ 1 a < 1 9 1A ] 9 [ A
ﬂ"lﬂWﬁ‘lilclf'lfJaﬂ@@]31!@18\1@]@ﬂ']iLﬂﬂll$ﬁQﬂJWﬂﬂ?W!ﬁuiﬂﬂ’]ﬂlL‘ﬁﬁQﬂu q YU Lﬁuﬁlﬂﬁﬂﬂ‘ﬁiywsﬁ
9 [ =\ o 1 F) Y A 9 a
wuleanin Tﬂﬂll!fﬁﬂWﬁﬁ‘LlUﬁ‘lgu'Juﬁual‘(’lﬂ']ﬂNalli]Mﬁ1§’é)']ﬁ'lﬁ‘ﬂi']\?ﬂ']ﬂ@]ﬂ\‘]ﬂ']ﬁﬁluﬂﬁ3J1ﬂ!
I 9 . . A J a 1A A A a a A 9 = =
1N 98 (Micronutrients) NNYse Tosunaroria @y INTUD INUUT uaziua-ua 15NY %

[ dy 1 [ 9 I A A va g Y a Aaaa
ﬁ']ﬁLﬁﬂTuWU@Qﬁ?NﬂULﬁHiﬂ@Tﬁ’]ﬁ Llﬁ$L‘]J'l.!ﬁ?ﬁ“ﬂNﬂmﬁuU@Lﬂuﬁ?ﬁ@nuﬂTﬁlﬂﬂﬂgﬂﬁfﬂ

a =R o a 3 Y
DONHIATU ﬂﬂ“ﬁqﬂﬁﬂﬂﬂuﬂqﬁlﬂﬂﬂgﬁﬂqﬂ
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@Ulge 1 INUNIZUIUMINMUDATHUD I3 19N
9 = wa = A Y S my 1 o
iduleennsiiguaviialumsgaduaisommsiazats]dluni laun haia
& g % o o
nglad (Glucose) Huduaunguosludunazn1iziwimiu (Diabetes) e ldisIdsy
o a 2’ | o 3
UsgTeai lumsaruaulSunaesemisiiaa (Glucose) 11nemIsisfulszmuldnslu
9 9}d‘dw g’ v W A9 . 1 = Y [
dthewvnu wazdniilyvmimindaniedau (Obesity) waga5o111U908 19D 1)
:j Il ] o @ =3 1 g { o w
azaeluih edragumserssman ludu Adanuiniuasemstamnsognidauaggn
o = Y 1 Y Y 1A Y v 9 " 9y
dnvaemsgaguingsemelaoduleoms lamuaeaiu Tasnuinduleemssz ey
o % @ J o % ] v
a1so1mssman lviiu Minunquueaduleenig shldasems luiiu ldamnsouanduiy
< o A 1 @ A
Tuanaidn 9 w3e nsa ludy (Fatty Acids) Nzamnsagnaadudngsme nasnnidule
v
[ o ] o % v @ I
pIsgATUAI o IMIRMaLar eI s s man luliu Anududa iduleemsn
wgnivesnlivingene Taenegenszedisiienis
9 = 1 aR o =< [
iduleomslinaneszuummuoaduuens 1 lamsauaznsgaduns s
oy = J % Ao 2 & o o
Taswuindulenazarsimazidulonlanuniageziudisivanszavung Inauas
v o Yy 9 A 1 oyd 1 @ :/' =<
Aoladeseanads Ul znue s 1aa daumdulen liazaerhinadomsdudinsgady
< o A A 9 =\ 4 (K] o 09/’
sgmanuazdingdiiiosnnidulelosdisznovedlima (Phytate) 0gA8 ALTUILING
E4 1
uddymludinldlassida ldmacenamduleemsluszrinnszuaumsuilsgy #q

[ 1 < [ o 4
e Insmelimsgadusigan deanzd vazuaadeon 1195z Temi Tduniu

4. dululefn (Synbiotic)

a a IS a o A Y a A a ~
Fu'luTean Wurdasamninssiunuvewuaiisols luTeAnuazaisns
a d! = 1 a a aa A A Q) a
luTedn FeazlinamsduaiunmsniyuazmssoadinvowuaiiseTis luTeanlumadu
£ ] Y a a = ana d?} a a @ o 9
914113 B99z2e 14 15 luTeanTumaduemsiimsseadlanniu inamamzaanisa 1d
a % o 1 4 1 J = g
vazansamnamsninlud 1dIvn 18630 dawaldquamueusaad @i (Tuohey er
1 9 [ a [ Ia A aAa ~ a a
al., 2003) Tagnums vy sudsemusdaduaizuluTeannlinmsnauaisns luTeAnaia
a J < J [ . . { a a J [
Toalnwgnlad 5 1les19ua Heuny Bifidobacteria NNFINUTH 10" 1vaa nfSeusununy
A a a A A a a A a < @ ' Aa
nnuomsdnd nazvyiimsnunuanGelds luTeandunar 14w wunwyinu
a [ A a A o . . [ %
HaanaaFu 1o TeAna1sDINNI 1MUY Bifidobacteria U5z1184 1.4 Log CFU @pniul
A = = @ Y a 1 . . ~ 1 = A A d? '
99913% tanfToueuniuns 1My AuLe Bifidobacteria 1W840811A8INTNTINNAIULA 0.6

Y
[l @ a @ Ja a 1
Log CFU AoNn5uga913e (Bielecka ef al, 2002) uananiiwaanmaisu luTeaniinasonisan

A a 2 o Y o s a 2
ﬂ’J”IlIL’dENGluﬂﬁlﬂﬂiiﬂiﬂ%ﬁﬁﬁ?ulﬁ TﬂEJﬁ”IlI”IiﬂﬁﬂﬂﬁWGJJL!15116QL“D’ﬁﬂVIﬁTJJﬁﬂLﬂﬂIiﬂiJ%LiQ


http://www.reginahealth.net/index.php?lay=show&ac=article&Id=538818496
http://www.reginahealth.net/index.php?lay=show&ac=article&Id=538818496
http://www.reginahealth.net/index.php?lay=show&ac=article&Id=538818496
http://www.reginahealth.net/index.php?lay=show&ac=article&Id=538800899&Ntype=2
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a'1&Ina) e 1B uyaunieTeaTnvlga lnadlszaina 10 weosidud vesomsiui Tnaniou

fumsuuaiiselds luTedn Ae Bifidobacterium longum (Reddy, 1999)
5. msiszgaaldasnd lulednlumsiiunisseaddnvelisluledn

suveelis luTedanlundadusiomssiiaaa s nanuanaiaiu 1y

Y

= LY a a d' a 1 9 1 a A [

Juognuilsuaveslls luTeannauaslinewdgnszurumsnaanionainszuiums
a3
f

v
Q) AadaAa = 1

v 3 o = a o o’z = o o &£ 9 ~
a1 a9ty SuauTds luTeanliFianlioglunaadsusitiulinnudnyuin seded

u

Nan
$1uldsluTeannidialuransuaiodnatios 10 ° CFU/Ma. Tasmssoasinuedllslule

a A Qa: 1 a a o 4 S o a o 4 4 ' a
ANLTUAILUANTSUIUNITHAANDANUN NITNUINHINAANUN LLﬁZLﬁ’E]WWUﬁﬂTJ%‘ﬂNL@HEﬂVHi

Y

' Y PR R A g AN A o A
ﬁﬁu@]u"uﬂ\iillé‘}:lﬂ Glf\'ill‘ﬂ\i'ffﬂ'ngcﬂlﬂUﬂﬁﬂQ'\iclUﬂigLW'lg@']ﬁ'lﬁ UAZANNITNULINADUIAVDN

Raq

o < % @ 1 yd o a a ' @ a =
a1 1dan sildomariinaiilinsseatinveslds luTeAnanas s1unodelasugauns

Y
% %

1 dal a ~ 9 9 =~ a & A 1 1 =
mari ludSnandos aviunisidasns luledn Fslianunuaenisdosuazgadulu
muauemsdiudu uennnrzgielumamusuiulls luTeanlud 18 luajudadesae

a aa a ~ 1 1 091/ 'Qaj
isumsseadinuells luTeanainaniizd himnzauarsqaauaduaounisudsgl ms
< o Y 1 Y Aa 1 9 @ o A Y ) 4
musnewazmsdigsemevesdus Ina Taswuimsldarsanannsaily 1dun 17u0ad

S 1d o = S A 3| v o a [ Aa 1 Y A ogzl
wazunsiad WudiesasadimotudnirTls luTeAnumaauesarIudunininiauag

Y [ 1 v
naeid lga 1d Inn e 1% Tds luTeAnniisinuniiga Tae free cell W03 Lactobacillus

Q

A

] ~ A oy 1 I = a dy A 9 ~

plantarum WarmugazMaieutihdeslunszimnzemsdunal 30 i Ysusudesudun
A o 1

11 7.24 log CFU/A. 928AA4MAD 1.92 log CFU/NA. UAIIBDATIYAAAY barley fiber LAZHIU

) v A ~ 1 a dy A 9 Ao =
dN1ILWYINUNLIAN 30 umﬂimgmﬂimmwmsmum 7.24log CFU/JA. 93200100

v
o A

<A Aa A /3 Id 3
5.1log CFU/ua uenanililoagluaniiziingeiind 4.5 wesiguailluna 4 $2104 free
A ) Y A d? A o ] S =< 9
cell 0 Lactobacillus plantarum T4 1AMuNNIunToansmuiIuas druwadignas 8o malt
= v a ~ U a dy A 9 A A dgl
fiber Tuan1z@ernuing 240 uii Usingnlsuausesuduii 7.59 log CFU/MA. 1Ny
I . .
1111 7.72 log CFU/W@. (Michida et al., 2006)
A g ' a 7 s & o
w3 luTedniluasemsnguled Inugans lsannu laneludn wa'ld uaz
v A 2 A wvAa 1 1 o a 4 =\ o
ity Felinaaniia bigndes Tasou laniluszuumaduermsvesuyud uazlinnusume
] 1 a a a [ = L a 4 A
aomsduasuminiaves s luTeanlud 1d1ve) demsiszgnaldns luTeanermuns
a a o 3 qul 1 dy o & I
seadinveelds luTedn arwnsoirld1sld lunaroduaeu deua msdeusadsaiu
;’f A a o a v ~ a A 1 a
dunpusuusnlumsnaawad 115 luTedn vinpaauiaveans luTeAniannsaduasums

Y
nigveslys luTeamiu imsiaswd luTednuuiluuvasemisvesTls luTedn Tas
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wu M3 lFarsns luTedn 4 aiia 14un Hi-maize starch, Lactulose, Raftilose 4@ Inulin
/3 & g ' s Vo { J
AN 5 Wosidud Wuunasmsveuluuunseaiumen1¥lun518e9 Bifidobacterium
v oA a = I ) 1 . . A dy

5 meiug Nguvigl 37 esausaleaiumal 48 49153 WU Bifidobacterium Magalu
A . . < J = a aa A o 3w Ay <

9111393 Hi-maize starch 11ue3Alsznoulinsnigdnga tazieiuunuinynvoudu
J o ¢ o o sl o a § { o oA

Wunan 4 davi imsTalesidudnissensinveaude Bifidobacterium NHUA1 N4

1 S I 4

WUIN Bifidobaterium infantis (Bb-1) UQg Bifidobaterium pseudolongum (Bb-4) Hlesiwuans
a J <2 4 o W 4 . [ '

59ATINGIA 56.22 £ 0.1 1oz 4537 + 0.1 wlesidud awd1wy 1ield Raftilose (Huunas

J Y . . I 1 s o Y
MITVOU a3 1% Hi-maize starch tfuuvasmsvouinli Bifidobaterium longum (Bb-2),
Bifidobacterium longum (Bb-3). U8 Bifidobaterium animalis (Bb-5) WM350A%I0 51.17 + 0.3,
s 3 o o W = Y Aa

75.32 2 0.11182 75.34 £ 0. 1515 UA MU 1AL TagnasnaINIsoasINV Bifidobacterium
qgj v JAd o < o < A J 3 4 An A A Y . .

M3 5 eneviug mnusneutiunal 4 dlam Nnlesisudamsseadiamasgagailo 1% Hi-maize

I 1 4 Y S 3 4 1 =
starch 1T UUHAIAITUOU 1110V 58.00 + 0.2 1WOTIHUA (Bruno et al., 2002) HANTANHIVOI
Capela Llazndle (2006) a3 lews luledn 3 wiia ldun Fructo-oligosaccharide (FOS), Inulin
3 Jd Aa Ad A a Aa

1ag Hi-maize 109U 2 Wosisud wunavaslulansanauTds luledn Lactobacillus

acidophilus 33200, Lactobacillus casei 279, Bifidobaterium longum 536 and Lactobacillus

Y o o Y 1A < Y aa o 4

rhamnosus) Wan1i liudawuuusdenuie ud1as19mMsseaiann 0, 1,2, 3 uaz 4 dilaw

1 =1 Aa a a aa a A
Wy FOS Hlszansamlumsaiumssoadiaveslls luTednuinfiga

o ) - a & \ P A o -

nnneaeen1snaasdlFarsns luTeamduurasmsveumidounu uazll

~ a a =} o A ) 9 o a A ] I

a1503 Ju Teanuesiamdeuny ualeriunledulds luTedn tazanizeminsnaiedu n
o 4 B2 a aa a 1 [ . .

Mldauauialumsasunisseadliaveslds luTeanareiu lun1snaaowusn Hi-maize

Yo A

1 A a 1 | < . .
starch eINIDAUAIUNITTONTI0 Idanaa ualumsnaasinaoaniins 14 Hi-maize starch

q

A [ 1 =S a A a aa a A A
MUDUNU LL@]ﬁTiWihl‘iJT’t’W]ﬂﬂﬁﬂlﬁiuﬂii’iﬂﬂﬂ)”l@]ﬂlﬂﬂiﬂiUl‘]JI’EW]ﬂiJ”Iﬂ‘VI?!ﬂ v Fructo-

. . [ 3 9 =~ a g 1 4 = o 1
oligosaccharide (FOS) @N‘L!‘LlﬂTiGl“lfﬁﬁ‘W'iU]JJT’E]ﬂﬂ!,‘ﬂ‘L!Lmaﬂﬂﬁﬂi’)ufﬂguﬂ’J”IiJmLWWGI@ﬁTEJ

4

ugveslsluToan

6. mamurialisluledin

[

o 4 = A 9 ' Y am ad £
NIINILVINHT YD ﬂﬁ%ﬂ’)uﬂﬁ‘ﬂﬂ’ﬂlliﬁ)ugﬂﬂmmﬂ’)ﬂ’lﬁiﬂ’l‘ﬁ‘ﬁu\iulﬂﬂ\i?ﬂi]‘

' A 1 Y 4 '
fawdu melanuiuluiagiu q Teen'ld Tagluvmgioimeeuudluariuiag

Y 4 1
Y @ =

mia'wmﬂ’nn%'auuazmaammﬁwmﬁﬂ?ﬁuwaau q NU ﬂ’JHJ%I’E]ui]&ﬁﬂﬂﬁi‘hEJL‘V]iHﬂﬁﬂﬂWﬁ

Y

9 v A o A g 1 o Yo Aa Y 1 @ A ] o
ammq‘lﬂmmmmmqmaummﬂﬁummmmmqwmauazmam"lﬂmmmﬁw“lwamum
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Y a o I dy a A v & o Y o a
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Figure 1. Water phase diagram
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S I o o ~A = =S A I =
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aa 1% o Y 1A I v A Aq Y aa
F9AFIANAINI MWV VUFIEDNLAU (AANUIN V) AALADA crude fiber N1HNANITTDATIN
W0 L. plantarum gangaiveldlunmsnaasne 'l
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1182 MRS 151105 9 adaas uniguigi 37 eseiaadod Hunal 24 ¥ 109 1insdean
Y Y 1 dy @ A 9 U o I 3 4
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Y v VoA o Aa v ' P s2 &
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H ¢
1.4.2 WavasszaznalumstiunesaansmssearInvadllsluledn
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a A aa ] { a < o o
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u
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3w ' a A aa ' 3 Aan J
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5. NaCl Lab scan/ analytical/ Thailand

6. 3,5-Dinitrosalicylic acid Fruka/ Germany

7. Phenol Fisher Scientific/ analytical/ England
8. peptone water Merck/ Germany
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Schwabach/ Germany

Scientific promotion/ Philadelphia
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NUNC "™/ Denmark
Biotek/ UK

Mettier Toledo/ Thailand
LabMate/ USA

Gilson/ France
Transferpette® -8/ Germany
Memmert/ USA

FTS system/ USA

Henko/ Japan

Thailand
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sources.
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Figure 5. Effect of freeze-drying on cell reduction of Lactobacillus plantarum TISTR 875 in
MRS medium contained soybean extract, corn extract, mungbean extract, FOS,

Sucrose glucose as carbon sources.
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Figure 6. Growth of Lactobacillus plantarum TISTR 875 cultivated in MRS medium contained
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Figure 7. Effect of freeze-drying on cell reduction of Lactobacillus plantarum TISTR 875
grown in MRS medium containing 2 % soybean extract and 2 % crude fiber from

soybean, corn, mungbean A, mungbean B and EPSs.
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Figure 8. Effect of pH on growth of Lactobacillus plantarum TISTR 875 grown in MRS

medium containing 2 % soybean extract and 2 % mungbean B crude fiber.
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Figure 9. Effect of freeze-drying on cell reduction of Lactobacillus plantarum TISTR 875

grown in MRS medium containing 2 % soybean extract and 2 % mungbean B

crude fiber at pH 4, 5, 6.5 and 7.
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Figure 10.  Effect of temperature on growth of Lactobacillus plantarum TISTR 875 cultivated
in MRS medium containing 2 % soybean extract , 2 % mungbean B crude fiber ,

pH 6.5 and incubated at 30, 37 and 45°C.
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Figure 11.  Effect of freeze-drying on cell reduction of Lactobacillus plantarum TISTR 875
grown at 30, 37 and 45°C in MRS medium containing 2 % soybean extract, 2 %

mungbean B crude fiber and pH 6.5.
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Figure 12.  Change of pH (4 )and Growth () of Lactobacillus plantarum TISTR 875
cultivated in MRS medium containing 2 % soybean extract, 2 % mungbean B

crude fiber and pH 6.5 at 37°C.
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Figure 13.  Effect of cell harvested at late log phase, mid stationary phase and late stationary
phase on the reduction of Lactobacillus plantarum TISTR 875 grown in MRS
medium containing 2 % soybean extract and 2 % mungbean B crude fiber, pH 6.5

at 37°C after freeze-dry.
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Figure 14.  Effect of cryoprotectants on cell reduction of Lactobacillus plantarum TISTR 875
grown in MRS medium containing 2 % soybean extract, 2 % mungbean B crude
fiber, pH 6.5 at 37°C and harveated at mid stationary phase after freeze-dry.
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Figure 15. Scanning electron micrograph (SEM) of Lactobacillus plantarum after freeze-drying

with sucrose (A) skim milk (B) and corn extract (C) as cryoprotectants.
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Figure 16. Cell reduction of freeze-dried Lactobacillus plantarum TISTR 875 with sucrose (A),

corn extract (B) as cryoprotectant (closed symbols) and free cell (opened symbols) in

acidic condition with pH 2 (l.[]).3 (A, A), 4 (@,0) and 5 (€,).
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Figure 18.  Viable population (A) and moisture content (B) of freeze-drying Lactobacillus
plantarum with corn extract as cryoprotectant stored in vacuum aluminium foil and

glass bottle with N, at 5°C and room temperature.
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Figure 19.  Viable population (A) and moisture content (B) of freeze dried Lactobacillus

plantarum with sucrose as cryoprotectant stored in vacuum aluminium foil and

glass bottle with N, at 5°C and room temperature.
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Figure 20.

Change of pH (A) and viable cell counts (B) in pasteurized milk and orange juice
with and with out freeze dried Lactobacillus plantarum addition during 6 weeks

storage at 5 °c.
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Table 4 . Survival of probiotics before and after freeze-drying.

82

Probiotic Strains

Freezing temperature L. acidophilus L. plantarum B.bifidum B. longum
before 9.03+0.10 9.22+0.34 6.07+0.07 8.34+0.02

-20°C
after 8.71+0.11 8.85+0.35 4.97+0.05 6.52+0.41
before 9.03+0.10 9.22+0.34 6.07+0.07 8.34+0.02

-80°C
after 8.4140.15 8.70+0.34 4.70+0.22 6.93+0.18
before 9.82+0.13 9.74+0.10 6.61£0.10 8.55+0.07

-196°C
after 9.17+0.06 9.56+0.15 6.03+0.09 7.94+0.02

Table 5. Survival of Lactobacillus plantarum TISTR 875 in MRS medium contained soybean

extract, corn extract, mungbean extract, FOS, sucrose glucose as carbon sources and

non carbon source before and after freeze-dry.

log CFU/ml
Carbon source % survival
Before After

Without carbon source 9.16 £0.02 8.60+0.02 93.85+0.37
Glucose 9.15+0.10 8.89+0.06 97.07+0.44
Sucrose 9.43+0.14 8.85+0.08 94.18+0.87
FOS 9.11+0.07 8.67+0.04 95.09+0.31
Soybean extract 9.04+0.02 8.93+0.04 98.72+0.58
Mungbean extract 9.25+0.05 9.13+0.09 98.72+0.62
Corn extract 9.03+0.08 8.87+0.14 98.30+0.65
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Table 6. Survival of Lactobacillus plantarum TISTR 875 in MRS medium contained soybean
extract as carbon sources and crude fiber 2 % from soybean, corn, mungbean(A and B),

EPSs and control not crude fiber before and after freeze-dry.

log CFU/ml
Crude fiber % survival
Before After
Without crude fiber 9.08 £0.01 8.56+0.04 94.29+0.44
soybean 9.05+0.07 8.324+0.06 92.01+0.16
corn 8.90+0.18 7.88+0.17 88.19+0.38
Mungbean A 9.34+0.02 8.90+0.04 95.29+0.29
Mungbean B 9.16+0.08 8.85+0.08 97.24+0.13
EPSs 8.95+0.08 8.64+0.06 96.08+0.13

Table 7. Survival of Lactobacillus plantarum TISTR 875 in MRS medium contained soybean
extract as carbon sources and 2 % crude fiber from mungbean B and pH of medium

such as 4, 5, 6.5 and 7 before and after freeze-dry.

log CFU/ml
pH % survival
Before After
pH 4 9.56 £0.15 7.77+£0.00 81.34+1.35
pHS5 9.90+0.29 8.68+0.32 87.70+0.73
pH 6.5 10.17+0.04 9.76+0.06 96.05+0.80

pH7 9.92+0.05 8.89+0.10 89.60+0.62
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Table 8. Survival of Lactobacillus plantarum TISTR 875 in MRS medium contained soybean
extract as carbon sources, 2 % crude fiber from mungbean B, pH 6.5 and incubated at

30, 37 and 45°C before and after freeze-dry.

log CFU/ml
Temperature (°C) % survival
Before After
30 8.51 £0.03 7.99+0.03 93.924+0.05
37 8.53+0.02 8.09+0.02 94.77+0.08
45 7.95+0.23 6.86+0.14 86.28+0.79

Table 9. Survival of Lactobacillus plantarum TISTR 875 in MRS medium contained soybean
extract as carbon sources, 2 % crude fiber from mungbean B, pH 6.5, incubated at

37°C and harvested cell at late log phase, mid stationary phase and late stationary

phase before and after freeze-dry

log CFU/ml
Growth phase % survival
Before After
Late log phase 8.86 £0.01 8.67+0.02 97.84+0.24
Mid stationary phase 8.76+0.02 8.60+0.04 98.17+0.18

Late stationary phase 8.98+0.01 8.80+0.05 98.05+0.28
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Table 10. Survival of Lactobacillus plantarum TISTR 875 in MRS medium contained soybean
extract as carbon sources, 2 % crude fiber from mungbean B, pH 6.5, incubated at
37OC, harveated cell at mid stationary phase and used various cryoprotectants before

and after freeze-dry

log CFU/ml
cryoprotectant % survival
Before After

sucrose 7.99 £0.00 7.79+0.05 97.54+0.68
Skim milk 8.06+0.00 7.71+0.01 95.75+0.05
FOS 8.06+0.00 6.81+0.10 84.45+1.30
EPSs 8.07 £0.01 7.24+0.03 89.20+0.43
Soybean extract 7.79+0.02 6.88+0.05 81.36+0.68
Soybean crude fiber 7.98+0.01 6.49+0.10 89.20+1.31
Corn ex tract 8.00 £0.01 7.74+0.01 96.81+1.43
Corn crude fiber 8.02+0.01 7.05+0.02 87.86+0.58
Mungbean extract 7.88+0.01 7.03+£0.11 87.11+0.66
Mungbean crude fiberA 7.93+0.01 6.91+0.04 87.11+0.20

Mungbean crude fiberB 7.90+0.01 6.95+0.05 87.98+0.32
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